The ternary semiconducting compounds of type II − III 2 − V I 4 belong to one class of functional materials which have attracted great attention due to their potential applications in electro optic, optoelectronic and non-linear optical devices. Few compounds like CdGa 2 Se 4 and CdAl 2 Se 4 have already found practical applications such as tunable filters and ultraviolet photodetectors [1, 2] . HgGa 2 S 4 is considered to be very promising candidate for operating in the mid IR spectral range [3] . Whereas ZnAl 2 Se 4 is used as a promising material for optoelectronic device application [4] . These defect chalcopyrites have vacancies at the cation sites in such a manner that they do not break translational symmetry. Due to the defect structure the compounds are porous. Large class of defect chalcopyrites and stannite semiconductors have been synthesized [5] . Because of porousity these systems have attracted special attention of the physics community. Various type of impurities including magnetic impurities can be doped into the vacancies to design new class of materials like Dilute magnetic semiconductors (DMS) for spinstronics application [7] . The presence of vacancy and more than two type of atoms provides desired wide band gap, electronic and optical properties to attain a maximum criteria for new emerging functional materials. In this communication we have investigated the structural and electronic properties of A − III 2 − V I 4 compounds where Al is the group III element, Se is group VI element and A represents Ag, Cu, Cd & Zn. There are very few experimental studies carried out and no theoretical study reported for AgAl 2 Se 4 , CuAl 2 Se 4 and ZnAl 2 Se 4 [5] . Park et al. [4] studied the optical properties of ZnAl 2 Se 4 single crystal and found it to be a defect chalcopyrite structure. Extensive experimetal [5, 6, 8, 9] and theoretical studies [10] have been carried out for CdAl 2 Se 4 compounds. We have chosen this already much studied system to validate our methodology and calculation and extend the study to other systems which have not been much studied. Our main motivation is to study the effect of structure and p-d hybridization on the electronic properties. In our earlier work on pure chalcopyrite semiconductors [11] we have shown that due to the presence of group I element (Cu, Ag), d-orbital contribution is very prominent. This is not valid in case of II − III 2 − V I 4 type compounds where group-II elements are Cd and Zn. For structural properties, we have calculated the lattice parameters, tetragonal distortion, anion displacement parameters and bond lengths by energy minimization proceedure. We have also calculated the bulk modulus using extended Cohen's formula [12] . There have been no calculation so far of bulk modulus of these compounds. We have also found a quantitative relationship between calculated bulk modulus and the lattice parametes. On the basis of bond lengths we have also discussed the nature of bonds in all four defect chalcopyrite compounds. For our study we have used highly successful Density Functional Theory (DFT) based first principle technique, Tight Binding Linearised Muffin-Tin Orbital (TB-LMTO) method. In TB-LMTO method, the basis functions are localized. Therefore, very few basis functions are required to represent the highly localized d-orbital of Ag, Cu, Cd, Zn in the systems under study. Hence the calculation is not only cost effective, it gives also the accurate result.
Methodology
The ab-initio method is based on Density Functional Theory of KohnSham [13] . The one electron energy is given by Khon-Sham equation.
where the effective potential,
The total electronic energy is a function of electron density which is calculated using variational principle. This requires selfconsistent calculations. In practice the Kohn-Sham orbitals ψ i (r) are usually expanded in terms of some chosen basis function. We have used the well established TB-LMTO method, discussed in detail elsewhere [14, 15] for the choice of the basis function. Electron correlations are taken within LDA of DFT [13, 16] . We have used the von Barth-Hedin exchange [17] with 512 k-points in the irreducible part of the Brillouin zone. The basis of the TB-LMTO starts from the minimal set of muffin-tin orbitals of a KKR formalism and then linearizes it by expanding around a 'nodal' energy point E α νℓ . The wave-function is then expanded in this basis :
where, 
Result and discussion

Structural properties :
The tetragonal unit cell of a typical chalcopyrite semiconductor consists of two Zinc blende unit cells. There are two types of cations in the unit [5] vacancy as nearest neighbors as shown in figure 1. Due to different atoms and one vacancy as neighbors the Se atom acquires an equilibrium position closer to the vacancy than to the other three cations. This new position of the anion is called anion-displacement. Se atoms shifts along all the three directions unlike only along x-direction as found in case of non-defect chalcopyrites [11, 18] . This is due to the reduction in symmetry in case of defect system. Therefore all the three cations-Se bond lengths are inequivalent. For self consistent calculation, we introduce empty spheres because the packing fraction is low due to tetrahedral co-ordination of ions. We ensure proper overlap of muffin tin spheres for self consistency and the percentage of overlap is found. Table 1 shows the calculated structural parameters 'a', 'c', tetragonal distortion, anion displacement and bulk modulus (B). These parameters are found by energy minimization procedure. We have calculated the bulk modulus 'B' using extended Cohen formula [12] for II − III 2 − V I 4 compounds.
where B is in GPa and the nearest-neighbor distances d i in A 0 . The ionicity coefficient λ is taken equal to 2, analogous to II-VI semiconductors. The calculated result shows an inverse proportionality relation between bulk modulus and lattice constant 'a'. Our result agrees with the similar study done for semiconductors like for II-VI type semiconductors [19] .
Electronic properties
(i) AgAl 2 Se 4 : The band structure and total density of states (TDOS) (figure 2) show that this compound is a slightly p-type semiconductor. There 
Effect of p-d hybridization on electronic properties
It is known that p-d hybridization has significant effect on the band gap in the case of Ag and Cu based compounds [11, 20] . To see this effect explicitly, we have calculated the band structure and TDOS without the contribution of the d-orbitals for ideal AAl 2 Se 4 systems. Therefor we have first freezed the d-electrons and have treated these electrons as core electrons. . Thus all the Ag and Cu-defficient defect chalcopyrites have band gaps greater than that the corresponding pure chalcopyrites [11] . The p-d hybridization in Cu-based chalcopyrites is known to contribute more to band gap reduction than Ag-based. We find that when cation atomic size increases, the band gap always decreases. This is in agreement with other work [22] . Table 4 shows calculated band gaps for ideal and non-ideal structures. It shows that the structural distortion like bond alternation and tetragonal distortion have significant contribution in the band gap. A close comparision of TDOS for ideal ( figure 11 ) and non-ideal (figure 2) cases of AgAl 2 Se 4 shows distinct differences in the structure in DOS. For example a sharp peak is found nearly at energy -4.0 eV for ideal AgAl 2 Se 4 compared to the corresponding non-ideal case. The sharp peak comes due to the contribution of Ag-d orbitals. This shows that structural distortion not only increase the band gap but it has significant effect on overall electronic properties as well. Similar results are also found for CuAl 2 Se 4 , CdAl 2 Se 4 and ZnAl 2 Se 4 systems. In these systems also the sharp peaks come due to Cu-d, Cd-d and Zn-d orbitals respectively. There are effects on conduction band also in all four defect chalcopyrites. The effect of distortion on valence and conduc- tion bands show that structural distortion is also responsible for significant change in optical properties of such semiconductors.
Structural effect on electronic properties
Bond nature
Calculated bond lengths and corresponding covalent and ionic radii are listed in table 5. The calculated values of two Al-Se bond lengths are corresponding to the two inequivalent sites for Al. We observe that our calculated Ag-Se, Al1-Se and Al2-Se bond lengths are closer to the sum of the covalent radii rather than the sum of the ionic radii. Similarlly in the case of CuAl 2 Se 4 and CdAl 2 Se 4 all the three calculated bond lengths are closer to the sum of the covalent radii of the atoms than the sum of the ionic radii. But in the case of ZnAl 2 Se 4 the bond length of Al1-Se is closer to the sum of the ionic radii of Al and Se than the sum of the covalent radii. This shows that all bonds except Al1-Se for ZnAl 2 Se 4 are covalent in nature. This little ionicity of Al1-Se bond in ZnAl 2 Se 4 increases the band gap in comparision to other three compounds.
Conclusion
Calculations and study of AAl 2 Se 4 (A = Ag, Cu, Cd, Zn) suggest that these compounds are direct band gap semiconductors with band gaps of 2.40V, 2.50 eV, 2.46 and 2.82 eV respectively. Our study further shows that electronic properties of these semiconductors significantly depend on the type of hybridization, structural distortion and the bond nature of the compounds. The calculation is carried out using DFT based TB-LMTO method. We have * * Sum of the ionic radii. Sum of the covalent radii of Al-Se is 2.41(Å). Sum of the ionic radii of Al-Se is 2.37(Å). 
